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Stray-light noise

* Practically critical noise
* Hard to predict
* Took long time to reduce it, but...
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Develop the stray light simulation method

Possibly estimatable by ray trace simulation
Po (v/Pssin ¢s)
Pin V 'P()

Stray-light noise A(f)

Arm length (3km) Response of the interferometer:

Simulation with another tools

103 BRSE Scattered Light Noise Coupling Carrier

Mainly a combination of: oy

107 ETM AR — SRM AR [

- Ray trace: With off the shelf software (Zemax, SN e Tl

PRC ITMtoBS .-
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LightTools,...), it is hard to simulate photons T w00 S
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- Response of the interferometer: need another tools. T Bl ==
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Figure 4.20: Coupling coefficients of scattered light for the carrier: BRSE

Information session of KAGRA subsystems and research themes for students 12
(27 Mav 2021)



Stray-light mitigation in KAGRA

Light

(- 90°  6° 1° 70~40urad )
Scattering angle { I I : } >
. ___________________________________________ Scattering angle l
#4 W0 o “#3
N\ J
Cold region

Vacuum enclosure \

GW signals

#3 Narrow-angle baffles

#2 Cryo-duct shields

#4 Wide-angle baffles

T. Akutsu, Y. Saito, Y. Sakakibara et al., Opt. Mater. Express 6, 1613 (2016)
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Black surface

+ Vacuum compatibility: < 107 Pa
* As low reflectivity as possible at 1064 nm
* Industrial applicability for large areas up to ¢ 800 mm

Reflectance %

* (ryogenic compatibility: < 80 K ‘
* As low reflectivity as possible for 300 K radiation (10 um) >U”L'q“e
0

|| — SUS, BA
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« Applicability to aluminum
KAGRA

G CK (‘ng ‘\\\.
arind® * More cryogenic compatibility: < 8 K

- Considering these requirements, we chose

a black Ni-plating family one for mid- to large-

size baffles.

T. Akutsu, Y. Saito, Y. Sakakibara et al., Opt. Mater. Express 6, 1613 (2016)
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Narrow-angle baffles (NAB

Installing the NAB into a chamber.

At the Advanced Technology Center (ATC) in NAOJ.
Assy of the NAB and its suspension.
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With four PDs

View from the sapphire mirror View from the arm
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Wide-angle baffles (WABs)

* To be cooled down ~ 15K without IR beams

« Over 4W input from the mirror >
heat up to ~20K or so

Design: ATC/NAOJ

Inside: black coated
GWADW 2021 online (17-22 May 2021)

From14 m above

Sapphire mirror Cryostat 8K shield
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Installed in the cryostat

At g O

GWADW 2021 online (17-22 May 2021)
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Transmission monitor

 To detector tilt and shif of the 3 km

optical axes
* (And monitoring the transmitted beam’s shape & power.)

) Beam radius
Beam radius

35.3mm 1/10

1.3m  0.243m 0.637m

2m
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Prototype test and Assembly

Y VY

eafame 1100 mm

f Al

@ Assembly the actual one in the clean booth, and test it
e .
A
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To mitigate stray-ligh noise - ForY arm P
vibration isolation stage

s
o
|

Assembly in a large clean room
having a crane.

« Atthe offsite, assembly and test before shipping.
* Then, ship to Kamioka.

- ¥ P )

! Parts test
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To Kamioka

September 2018

Light from a forklift
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Installing

[P Y 48 I [ . N O NIRRT e Photo by K. Hasggawa
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Installed: the vibration isolators
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Finally, installed at EYT in this June
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Installed: the optics
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Green (and IR) light

llluminated by a green (532 nm) light

through the 3-km arm—->

31

Information session of KAGRA subsystems and researcn wui&rmes 10r stuuerits

(27 Mav 2021)



When the green laser is locked to the 3-km Xarm cavity...

Main light /

\ bS8 oy

Ghost beam spot due to the ETMX's wedge

e ETMX's wedge: ~0.047 deg (by Hirose-san)
Estimation from the spot positions: ~0.0456 deg

See http://klog.icrr.u-tokyo.ac.jp/osl/?r=6990


http://klog.icrr.u-tokyo.ac.jp/osl/?r=6990
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Ghost beams in the center area

* Blue rays: made from a light
beam shooting BS from the PR3 \ P
side. TMY 7
* Red rays at PRC: made from a ,/
light beam shooting PR3 from 7
the BS side. ,’
* Red rays at SRC: made from a ,’
light beam shooting SR3 from ,/
the BS side. ’
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SRM Note: to avoid unnecessary multiple re'ﬂections of the \\
~— ray beams, some virtual absorbers are inserted.
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SO muCh hOSt beams... See JGW-E1910040
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In total 21 beams are drawn
dpr 09, 2019 entering and exiting BS.
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Mid-size baffles

* To catch ghost beams in the center area (BS, PRC, SRC)
e Each a few x 10~100mW

Some examples:
'l! For SR3 HR side
k

)
/

For SR2 HR side

Drawn by N. Hirata

Note that all the sliver-ish parts will be also blackened later.
GWADW 2021 online (17-22 May 2021) 37



GWADW 2021

At the Advanced Technology Center (ATC) in NAOJ

38
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